We suggest that the breaking of a symmetry unifying the families of fermions occurs in stages.
There are three D2(C4) subgroups of 0 which correspond to these three solutions.
The fourth D2 subgroup of 0, which is simultaneously a subgroup of T, cannot be reached by triplet breaking.
(b) (~0~; (v,O,v) ; (O,v,v) These solutions correspond to D2 symmetries which are not subgroups of 0.
If the Higgs potential would have had only an O-symmetry these minima would correspond to a C2 subgroup. The decomposition of 31 with respect to C2 contains two scalars and therefore if it were not for the accidental Oh symmetry, this C2 subgroup would be a maximal subgroup and allow for two independent v.e.v.
- lOcc> (v,v,v) ; (-v,v,v) and permutations.
These minima have a remaizing S3 symmetry and correspond to pattern (i).
(d) (v,veiK'3,vei2r'3) and permutations correspond to (v) and have a C3 symmetry. Cabibbo angles vanish. This is to be expected from our analysis in Section 2, since the decomposition of 31 with respect to D2 is (l,l',l"). We exchange now to a basis allowing for a direct decomposition into D2
representations. This is achieved by performing a n/4 rotation in the 2-3 plane.
In the new basis the matrices (3.7) are given by:
i 1-l-1) ; (:-1+" (
The decomposition 31 -+ (l,l',l"> is transparent. Now we assume that the breaking of D2 is along a given irreducible representation, say l', i.e., the new minimum is given by <olqllo> = (v, fiEV, O> ; E << 1 (3.9) or, in the previous basis: where 6 2 = (9; -i$)l(g:+ g;).
Assuming now that ~<<l one obtains: ( v,v,O) and Cl/&) ( v,v,v) are degenerate. This is due to the appearance of an SO(3) symmetry which implies that any (v 1,v2,v3) with VI + vi + vi = v2 is a minimum.
